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The high-density behavior of the stellar matter composed of nucleons and leptons under
β-equilibrium and charge neutrality conditions is studied with the Skyrme parametrizations shown
to be consistent (CSkP) with the nuclear matter, pure neutron matter, symmetry energy and its
derivatives in a set of 11 constraints [Dutra et al., Phys. Rev. C 85, 035201 (2012)]. The predic-
tions of these parametrizations on the tidal deformabilities related to the GW170817 event are also
examined. The results points out to a correlation between the Love numbers and tidal deformabil-
ities with the respective radii of the binary neutron stars system (BNSS). We also find that those
CSkP supporting massive neutron stars (M ∼ 2M⊙) predict radii of the BNSS in full agreement
with recent data from LIGO and Virgo Collaboration (LVC) given by R1 = R2 = 11.9
+1.4
−1.4 km.
A correlation between dimensionless tidal deformability and radius of the canonical star is found,
namely, Λ1.4 ≈ 5.87 × 10
−6R7.191.4 , with results for the CSkP compatible with the recent range of
Λ1.4 = 190
+390
−120 from LVC. Finally, an analysis of the Λ1×Λ2 graph shows that the CSkP compatible
with the recent bounds obtained by LVC, namely, GSkI, Ska35s20, MSL0 and NRAPR, can also
support massive stars (M ∼ 2M⊙), and predict a range of 11.83 km 6 R1.4 6 12.11 km for the
canonical star radius.
PACS numbers: 21.10.-k, 21.10.Gv, 21.65.-f, 21.65.Mn
I. INTRODUCTION
Neutron stars are an incredible natural laboratory for
the study of nuclear matter at extreme conditions of
isospin asymmetry and density (ρ) [1, 2]. The properties
of nuclear matter at such high densities are mostly gov-
erned by the equation(s) of state (EOS), which correlates
pressure (p), energy density (ǫ) and other thermodynam-
ical quantities. From the terrestrial experiments, nuclear
matter properties are mostly constrained up to saturation
density, ρ0 ≈ 0.15 fm−3 ≈ 2.8× 10−14 g/cm3 [3–6]. The
EOS correlating p, ǫ and ρ is the sole ingredient to deter-
mine the relationship between the mass and radius of a
neutron star by using the Tolman-Oppenheimer-Volkoff
equations [7, 8]. It also plays a vital role in determin-
ing other star properties such as the moment of inertia
and tidal deformability [9, 10]. The recent observation
of the gravitational wave (GW) emission from the first
binary neutron stars merger event, GW170817, provided
new expectations to constraint the EOS in more efficient
ways [11, 12].
Since 2015, the observation of the GW emission from
the binary compact objects, by LIGO [13] and Virgo [14]
collaborations, opened a platform to study the GW and
related physics in more adequate ways. The GW170817
event, observed on 17 August 2017, has a special impor-
tance in nuclear physics since it consists of the emergence
of GW from two binary neutron stars. It coincides with
the detection of the γ-ray burst GRB170817 [15, 16] and
the components were verified as neutron stars by vari-
ous electromagnetic spectrum observations [17–21]. The
measurements of the neutron star mass, spin, radius, and
gravitational red shift provide weak constraints on the
EOS as these measurements depend on the detailed mod-
eling of the radiation mechanism and are subjected to a
lot of systematic errors [22, 23]. The GW, however, offers
an opportunity to constrain the EOS from the tidal de-
formability data [9, 24–27], which establishes a relation
between the internal structure of the neutron star and
the emitted GW.
In the present context, we use the Skyrme model [28–
30] in order to explore the possible constraint on the
EOS by the observation of the GW170817 event. In
the work of Ref. [31], the authors have studied the nu-
clear matter characteristics of symmetric and asymmetric
matter at saturation as well as at high densities by us-
ing 240 parametrizations of the Skyrme energy density
functional. Following this work, it was observed that
only 16 parametrizations, namely, GSkI [32], GSkII [32],
KDE0v1 [33], LNS [34], MSL0 [35], NRAPR [36],
Ska25s20 [37], Ska35s20 [37], SKRA [38], Skxs20 [39],
SQMC650 [40], SQMC700 [40], SkT1 [41, 42], SkT2 [41,
42], SkT3 [41, 42] and SV-sym32 [43], satisfy all 11 con-
straints from symmetric nuclear matter, pure neutron
matter, and a mixture of both related with the symme-
try energy and its derivatives [31]. This set was named
as Consistent Skyrme Parametrizations (CSkP), which is
used in the present manuscript. These parametrizations
offer a predictive power starting from sub-saturation den-
sity to very high density at very high isospin asymmetry,
what has motivated us to analyze the stellar matter be-
havior for the CSkP, in particular, the tidal deforma-
bility related to the GW170817 event. In other words,
the tidal deformability of the GW170817 event, using
2the post-Newtonian model, can provide a suitable con-
straint to study the predictive capacity of the CSkP in
various astrophysical phenomena. We try to correlate the
tidal deformability of the canonical neutron star (Λ1.4)
and the corresponding radius (R1.4) for the CSkP by ad-
dressing a transparent relation between Λ1.4 and R1.4 as a
power law. Usually, the proportionality relation Λ ∝ R5,
which is based on the definition Λ = (2/3)k2(R/M)
5,
with M being the neutron star mass, is cited in the lit-
erature. It is worth noticing that this proportionality is
not exact since the Love number k2 depends on the ra-
dius R through a complicated second order differential
equation. In recent studies, various relations between
the Λ1.4 and R1.4 are obtained with different models,
like the Skyrme [44] and relativistic mean-field [45] ones.
Here, we study this correlation with CSkP. The individ-
ual radii of the binary neutron stars system components
corresponding to the GW170817 event are also discussed.
This manuscript is organized as follows. In Sec. II, we
briefly outline the theoretical formalism for the Skyrme
model in nuclear and neutron star matter. In Sec. III,
we discuss the predictions of CSkP concerning the recent
GW170817 event. Special attention is given to the tidal
deformability of the neutron stars binary system. We
conclude the manuscript with a brief summary in Sec. IV.
II. THEORETICAL FORMALISM
A. Infinite nuclear matter
In the following we mention the EOS used in this work
related to the Skyrme model at zero temperature. The
energy density of infinite nuclear matter, defined in terms
of the density and proton fraction, is written as [31]
ǫ(ρ, y) =
3
10Mnuc
(
3π2
2
)2/3
ρ5/3H5/3(y)
+
t0
8
ρ2[2(x0 + 2)− (2x0 + 1)H2(y)]
+
1
48
3∑
i=1
t3iρ
σi+2[2(x3i + 2)− (2x3i + 1)H2(y)]
+
3
40
(
3π2
2
)2/3
ρ8/3[aH5/3(y) + bH8/3(y)], (1)
with
a = t1(x1 + 2) + t2(x2 + 2), (2)
b =
1
2
[t2(2x2 + 1)− t1(2x1 + 1)] , (3)
and
Hl(y) = 2
l−1[yl + (1 − y)l], (4)
where y = Z/A is the proton fraction, and Mnuc is the
nucleon rest mass. A particular parametrization is de-
fined by a specific set of the following free parameters:
x0, x1, x2, x31, x32, x33, t0, t1, t2, t31, t32, t33, σ1, σ2,
and σ3.
From Eq. (1), one can construct the pressure of the
model as
p(ρ, y) = ρ2
∂(E/ρ)
∂ρ
=
1
5Mnuc
(
3π2
2
)2/3
ρ5/3H5/3(y)
+
t0
8
ρ2[2(x0 + 2)− (2x0 + 1)H2(y)]
+
1
48
3∑
i=1
t3i(σi + 1)ρ
σi+2[2(x3i + 2)− (2x3i + 1)H2(y)]
+
1
8
(
3π2
2
)2/3
ρ8/3[aH5/3(y) + bH8/3(y)], (5)
and also the nucleon chemical potential as
µq(ρ, y) =
∂ǫ
∂ρq
=
1
2Mnuc
(
3π2
2
)2/3
ρ2/3H5/3(y)
+
1
5
(
3π2
2
)2/3
ρ5/3[aH5/3(y) + bH8/3(y)]
+
t0
4
ρ[2(x0 + 2)− (2x0 + 1)H2(y)]
+
1
48
3∑
i=1
t3i(σi + 2)ρ
σi+1[2(x3i + 2)− (2x3i + 1)H2(y)]
± 1
2
[1∓ (2y − 1)]
{
3
10Mnuc
(
3π2
2
)2/3
ρ2/3H ′5/3(y)
− t0
8
ρ(2x0 + 1)H
′
2(y)−
1
48
3∑
i=1
t3iρ
σi+1(2x3i + 1)H
′
2(y)
+
3
40
(
3π2
2
)2/3
ρ5/3[aH ′5/3(y) + bH
′
8/3(y)]
}
, (6)
where q = p, n for protons and neutrons, respectively.
Here one also has that H ′l(y) = dHl/dy.
B. Neutron star matter
In order to treat stellar matter, one needs to implement
charge neutrality and β-equilibrium conditions under the
weak processes, n→ p+ e− + ν¯e, and its inverse process
p + e− → n + νe. For densities in which µe exceeds the
muon mass, the reactions e− → µ− + νe + ν¯µ, p+ µ− →
n + νµ, and n → p + µ− + ν¯µ energetically favor the
emergence of muons. Here, we consider that neutrinos
are able to escape the star due to their extremely small
cross-sections. By taking these assumptions into account,
we can write the total energy density and pressure of the
stellar system for the Skyrme model, respectively, as
E(ρ, ρe, y) = ǫ(ρ, y) + µ
4
e(ρe)
4π2
+Mnucρ
+
1
π2
∫ √µ2µ(ρe)−m2µ
0
dk k2(k2 +m2µ)
1/2, (7)
3and
P (ρ, ρe, y) = p(ρ, y) +
µ4e(ρe)
12π2
+
1
3π2
∫ √µ2µ(ρe)−m2µ
0
dk k4
(k2 +m2µ)
1/2
, (8)
where, ǫ(ρ, y) and p(ρ, y) are given in the Eqs. (1) and (5),
respectively. The chemical equilibrium and the charge
neutrality conditions are
µn(ρ, y)− µp(ρ, y) = µe(ρe), (9)
and
ρp(ρ, y)− ρe = ρµ(ρe), (10)
where µp and µn are found from Eq. (6), µe = (3π
2ρe)
1/3,
ρp = yρ, ρµ = [(µ
2
µ −m2µ)3/2]/(3π2), and µµ = µe, for
mµ = 105.7 MeV and massless electrons. Thus, for each
input density ρ, the quantities ρe and y are calculated by
simultaneously solving conditions (9) and (10).
The properties of a spherically symmetric static neu-
tron star can be studied by taking the energy den-
sity and pressure as input for the Tolman-Oppenheimer-
Volkoff (TOV) equations, which are given by [7, 8],
dP (r)
dr
= − [E(r) + P (r)]
[
M(r) + 4πr3P (r)
]
r2
[
1− 2M(r)r
] (11)
and
dM(r)
dr
= 4πr2E(r), (12)
where the solution is constrained to the following con-
ditions: (i) at the center, P (0) = Pc (central pressure),
(ii) M(0) = 0 (central mass), and (iii) E(0) = Ec (central
energy density). Furthermore, at the star surface one
has P (R) = 0 and M(R) ≡ M , with R being the neu-
tron star radius. In order to solve the TOV equations
in this work, we take E and P given in Eqs. (7) and (8)
as input along with the Baym-Pethick-Sutherland (BPS)
equation of state [46] for the low density regime, i. e.,
for the neutron star crust. In other words, the BPS EOS
is included in order to take into account the low den-
sity regime, in this case given by 0.1581× 10−10 fm−3 6
ρ 6 0.008907 fm−3. The total EOS including hadrons
and leptons are coupled to the BPS part from densities
greater than ρ = 0.008907 fm−3.
C. Tidal deformability
Finally, in order to perform a detailed analysis concern-
ing the prediction of the CSkP on the recent GW170817
event, a very important quantity has to be computed,
namely, the tidal deformability. It is one of the observed
quantities in the binary neutron stars system [11, 12],
which plays a major role in constraining hadronic EOS.
The induced quadrupole moment Qij in one neutron star
of a binary system due to the static external tidal field Eij
created by the companion star can be written as [9, 25],
Qij = −λEij . (13)
Here, λ is the tidal deformability parameter, which can
be expressed in terms of dimensionless quadrupole tidal
Love number k2 as
λ =
2
3
k2R
5. (14)
The dimensionless tidal deformability Λ (i.e., the dimen-
sionless version of λ) is connected with the compactness
parameter C = M/R through
Λ =
2k2
3C5
. (15)
The tidal Love number k2 is obtained as
k2 =
8C5
5
(1− 2C)2[2 + C(yr − 1)− yr]×
×
{
2C[6− 3yr + 3C(5yr − 8)]
+ 4C3[13− 11yr + C(3yr − 2) + 2C2(1 + yr)]
+ 3(1− 2C2)[2− yr + 2C(yr − 1)]ln(1− 2C)
}−1
, (16)
where yr = y(r) is found from the solution of
r
dyr
dr
+ y2r + yrF (r) + r
2Q(r) = 0, (17)
with
F (r) =
r − 4πr3[E(r) − P (r)]
r − 2M(r) (18)
and
Q(r) =
4πr
[
5E(r) + 9P (r) + E(r)+P (r)∂P (r)/∂E(r) − 64pir2
]
r − 2M(r)
− 4
[
M(r) + 4πr3P (r)
r2(1 − 2M(r)/r)
]2
. (19)
In order to find yr, Eq. (17) has to be solved as part of
a coupled system containing the TOV equations given in
Eqs. (11) and (12).
The dimensionless tidal deformabilities of a binary
neutron stars system, namely, Λ1 and Λ2, can be com-
bined to yield the weighted average as [11]
Λ˜ =
16
13
(m1 + 12m2)m
4
1Λ1 + (m2 + 12m1)m
4
2Λ2
(m1 +m2)5
, (20)
where m1 and m2 are masses of the two stars.
4III. RESULTS AND DISCUSSIONS
A. Sound velocity and neutron star matter
As all the CSkP come from a nonrelativistic mean field
model, at zero temperature regime, the causal limit may
be broken at the high density region, since the sound
velocity (vs) increases with density, or equivalently, with
energy density. However, for the CSkP we verify that
v2s = ∂P/∂E exceeds c2 = 1 only at very high energy
density values, as we can see in Fig. 1.
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FIG. 1. Squared sound velocity as a function of total energy
density for the CSkP.
From this figure, one can verify that the CSkP obey
the causal limit up to a range of E . 10 fm−4. By
comparing these results with those obtained for rela-
tivistic mean-field (RMF) parametrizations in Fig. 2
of Ref. [47], a clear difference in behavior is observed.
The RMF parametrizations present a saturation for the
sound velocity unlike the Skyrme ones, that always in-
crease. Despite this increasing dependence, Fig. 1 shows
that it is possible to describe neutron star matter with
CSkP within a particular range of energy densities. The
mass-radius profiles predicted by the CSkP are obtained
next by taking this analysis into account. The results are
shown in Fig. 2.
In this figure, horizontal bands in magenta and
green colors indicate respectively the observational data
of neutron star masses of PSR J1614-2230 [48] and
PSR J038+0432 [49] pulsars. We also show the empirical
constraints for the mass-radius profile for the cold dense
matter inside the neutron star. They were obtained from
a Bayesian analysis of type-I x-ray burst observations by
Na¨ttlia¨, et al. in Ref. [50] (outer orange and inner red
bands), and from a mass-radius coming from six sources,
namely, three from transient low-mass x-ray binaries and
three from type-I x-ray bursts with photospheric radius,
by Steiner et al. in Ref. [51] (outer white and inner black
bands).
These observations imply that the neutron star mass
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FIG. 2. Neutron star mass-radius profiles for the CSkP. Hori-
zontal bands indicate the masses of PSR J1614-2230 [48] and
PSR J038+0432 [49].
predicted by any theoretical model should reach the limit
of M ∼ 2.0M⊙. From the results, we find that the max-
imum masses obtained for the GSkI, Ska35s20, MSL0,
NRAPR, and KDE0v1 parametrizations are consistent
with these boundaries [48, 49]. Furthermore, the radii ob-
tained from these parametrizations (including the crust)
for the canonical star of M = 1.4M⊙ are also inside the
bands calculated in Refs. [50, 51]. The rest of the CSkP
underestimates the observed data regarding the neutron
star mass.
TABLE I. Stellar matter properties obtained from the CSkP:
maximum neutron stars mass (Mmax) and its corresponding
radius (Rmax), compactness (Cmax), and central energy den-
sity (Ec) along with the radius (R1.4) and compactness (C1.4)
of the canonical star.
Parameter Mmax Rmax Cmax Ec R1.4 C1.4
(M⊙) (km) (M⊙/km) (fm
−4) (km) (M⊙/km)
GskI 1.977 10.117 0.195 8.105 12.058 0.116
GskII 1.595 10.286 0.155 6.060 10.990 0.127
KDE0v1 1.974 9.785 0.202 8.594 11.598 0.121
LNS 1.730 9.307 0.186 9.835 10.963 0.128
MSL0 1.959 10.057 0.195 8.200 11.933 0.117
NRAPR 1.942 9.926 0.196 8.447 11.828 0.118
Ska25s20 1.862 9.851 0.189 8.694 11.721 0.119
Ska35s20 1.968 10.230 0.192 7.953 12.114 0.116
SKRA 1.777 9.528 0.187 9.336 11.299 0.124
SkT1 1.840 10.102 0.182 7.405 11.575 0.121
SkT2 1.840 10.097 0.182 7.415 11.565 0.121
SkT3 1.846 10.072 0.183 7.485 11.548 0.121
Skxs20 1.753 9.616 0.182 9.312 11.424 0.123
SQMC650 1.453 9.812 0.148 6.767 10.117 0.138
SQMC700 1.763 9.428 0.187 9.547 11.139 0.126
SV-sym32 1.698 10.317 0.165 6.718 11.456 0.122
In Table I, we show the maximum neutron star mass
and corresponding radius, compactness and central en-
ergy density predicted by the CSkP. We also tabulate
some properties related to the canonical neutron star. It
5is worth mentioning that the central energy density of all
CSkP are compatible with the causal limit, as one can
verify from Fig. 1.
In the recent literature, a lot of effort has been put
to constraint the radius of the canonical neutron star,
see for instance, Refs. [44, 52–56]. In Ref. [44], Tuhin
Malik et. al. have discussed this constraint by using
Skryme and RMF models and their calculations suggest
the range of 11.82 km 6 R1.4 6 13.72 km. By using a
set of more realistic models and the neutron skin values
as a new constraint, F. J. Fattoyev et. al. have shown
the upper limit for R1.4 as 13.76 km [45]. In Ref. [52],
Yeunhwan Lim et. al. have used chiral effective field the-
ory and constraints from nuclear experiments to establish
the range of 10.36 km 6 R1.4 6 12.87 km. Elias R. Most
et. al. have studied the constraint on R1.4 with a large
number of EOS with pure hadronic matter without any
kind of phase transition [53]. They found the value of
R1.4 inside the range of 12.00 km 6 R1.4 6 13.45 km,
with the most likely value of R1.4 = 12.39 km. From
the above discussion, we can estimate an specific range
for R1.4 encompassing the previous ones as 10.36 km 6
R1.4 6 13.76 km. Our calculations for R1.4 from the
CSkP show a minimum value of 10.12 km (SQMC650
parametrization), while the maximum value is given by
12.11 km (Ska35s20 parameter set). Both maximum and
minimum values present very good agreement with the
composite range. As a consequence, the five CSkP pre-
dicting neutron star mass around two solar masses also
present R1.4 compatible with the aforementioned range.
B. Predictions on the GW170817 event
Here we proceed to give the results provided by the
CSkP regarding the binary system, namely, neutron stars
of masses m1 and m2, related to the GW170817 event
given in Refs. [11]. In Table II we list the binary neutron
stars massesm1 andm2 (in units ofM⊙), its correspond-
ing radii R1 and R2 (both in km), tidal Love numbers k2,1
and k2,2 (dimensionless), tidal deformabilities λ1 and λ2
(in units of 1036 g.cm2.s2), and the chirp radius Rc (km).
We present in this table some particular values of
m1 chosen from the range of 1.365 6 m1/M⊙ 6 1.60
obtained from the analysis of the GW170817 event in
Ref. [11]. The mass of the companion star is calculated
through the relationship between m1, m2 and the chirp
massMc given by
Mc = (m1m2)
3/5
(m1 +m2)1/5
. (21)
In this equation, Mc is fixed at the observed value of
1.188M⊙ according to Ref. [11]. This quantity is also
used to compute the chirp radius, defined as [57]
Rc = 2McΛ˜1/5, (22)
with Λ˜ given in Eq. (20).
TABLE II: Predicted values by the CSkP regarding the binary neutron stars system, namely, neutron star masses, radii, Love
numbers, tidal deformabilities λ1 and λ2 in units of 10
36 g.cm2.s2, and the chirp radius.
CSkP m1 (M⊙) m2 (M⊙) R1 (km) R2 (km) k2,1 k2,2 λ1 λ2 Rc (km)
GskI 1.365 1.364 12.091 12.092 0.0795 0.0795 2.053 2.054 7.923
1.400 1.330 12.062 12.127 0.0767 0.0820 1.957 2.149 7.924
1.440 1.294 12.015 12.152 0.0737 0.0848 1.844 2.245 7.926
1.500 1.243 11.947 12.200 0.0688 0.0883 1.673 2.385 7.932
1.600 1.170 11.809 12.243 0.0609 0.0935 1.397 2.570 7.949
GskII 1.365 1.364 11.084 11.084 0.0677 0.0678 1.132 1.133 7.034
1.400 1.330 11.009 11.156 0.0643 0.0709 1.039 1.224 7.036
1.440 1.294 10.908 11.219 0.0604 0.0741 0.932 1.316 7.042
1.500 1.243 10.722 11.298 0.0540 0.0786 0.764 1.446 7.055
1.600 1.170 10.146 11.392 0.0431 0.0847 0.463 1.624 7.084
KDE0v1 1.365 1.364 11.633 11.634 0.0759 0.0760 1.616 1.618 7.553
1.400 1.330 11.604 11.656 0.0732 0.0787 1.539 1.692 7.553
1.440 1.294 11.558 11.690 0.0702 0.0813 1.447 1.774 7.556
1.500 1.243 11.497 11.726 0.0653 0.0850 1.311 1.883 7.562
1.600 1.170 11.364 11.770 0.0575 0.0902 1.089 2.036 7.582
LNS 1.365 1.364 11.037 11.038 0.0658 0.0659 1.077 1.079 6.965
1.400 1.330 10.965 11.096 0.0629 0.0688 0.996 1.156 6.966
1.440 1.294 10.885 11.158 0.0594 0.0717 0.907 1.239 6.975
1.500 1.243 10.744 11.232 0.0538 0.0759 0.770 1.356 6.993
1.600 1.170 10.433 11.341 0.0444 0.0813 0.548 1.524 7.044
MSL0 1.365 1.364 11.976 11.977 0.0775 0.0776 1.908 1.911 7.809
1.400 1.330 11.935 12.007 0.0750 0.0801 1.815 1.997 7.808
1.440 1.294 11.899 12.034 0.0718 0.0828 1.711 2.088 7.811
1.500 1.243 11.825 12.072 0.0671 0.0865 1.550 2.216 7.815
1.600 1.170 11.682 12.121 0.0593 0.0915 1.289 2.392 7.832
Continued on next page
6TABLE II – continued from previous page
CSkP m1 (M⊙) m2 (M⊙) R1 (km) R2 (km) k2,1 k2,2 λ1 λ2 Rc (km)
NRAPR 1.365 1.364 11.864 11.864 0.0760 0.0761 1.785 1.787 7.706
1.400 1.330 11.831 11.900 0.0732 0.0787 1.695 1.876 7.706
1.440 1.294 11.776 11.936 0.0703 0.0813 1.591 1.968 7.710
1.500 1.243 11.692 11.985 0.0656 0.0849 1.432 2.098 7.717
1.600 1.170 11.547 12.049 0.0575 0.0898 1.179 2.278 7.743
Ska25s20 1.365 1.364 11.780 11.781 0.0737 0.0738 1.670 1.673 7.605
1.400 1.330 11.725 11.821 0.0711 0.0766 1.574 1.766 7.604
1.440 1.294 11.667 11.871 0.0678 0.0792 1.464 1.865 7.610
1.500 1.243 11.565 11.930 0.0628 0.0830 1.298 2.004 7.621
1.600 1.170 11.358 12.006 0.0540 0.0881 1.020 2.196 7.654
Ska35s20 1.365 1.364 12.162 12.162 0.0791 0.0791 2.103 2.103 7.961
1.400 1.330 12.123 12.191 0.0765 0.0817 2.001 2.198 7.960
1.440 1.294 12.080 12.222 0.0734 0.0844 1.887 2.300 7.963
1.500 1.243 12.011 12.270 0.0686 0.0878 1.714 2.440 7.969
1.600 1.170 11.863 12.323 0.0609 0.0927 1.430 2.632 7.988
SKRA 1.365 1.364 11.363 11.364 0.0701 0.0702 1.327 1.329 7.262
1.400 1.330 11.306 11.409 0.0672 0.0731 1.240 1.412 7.263
1.440 1.294 11.232 11.459 0.0639 0.0760 1.141 1.501 7.269
1.500 1.243 11.106 11.528 0.0586 0.0800 0.989 1.627 7.282
1.600 1.170 10.861 11.615 0.0494 0.0853 0.746 1.802 7.320
SkT1 1.365 1.364 11.614 11.614 0.0748 0.0749 1.579 1.581 7.518
1.400 1.330 11.576 11.654 0.0718 0.0776 1.491 1.667 7.520
1.440 1.294 11.517 11.697 0.0686 0.0803 1.389 1.757 7.524
1.500 1.243 11.428 11.741 0.0634 0.0843 1.235 1.879 7.531
1.600 1.170 11.241 11.803 0.0548 0.0897 0.983 2.053 7.557
SkT2 1.365 1.364 11.613 11.614 0.0747 0.0747 1.577 1.577 7.516
1.400 1.330 11.566 11.653 0.0719 0.0774 1.487 1.662 7.516
1.440 1.294 11.511 11.694 0.0686 0.0802 1.386 1.753 7.520
1.500 1.243 11.421 11.737 0.0634 0.0843 1.231 1.876 7.528
1.600 1.170 11.232 11.798 0.0548 0.0897 0.979 2.048 7.554
SkT3 1.365 1.364 11.598 11.599 0.0750 0.0751 1.573 1.575 7.513
1.400 1.330 11.553 11.641 0.0722 0.0777 1.485 1.660 7.513
1.440 1.294 11.509 11.671 0.0687 0.0807 1.386 1.746 7.518
1.500 1.243 11.413 11.724 0.0637 0.0845 1.232 1.871 7.525
1.600 1.170 11.231 11.783 0.0551 0.0899 0.984 2.041 7.551
Skxs20 1.365 1.364 11.506 11.508 0.0679 0.0680 1.368 1.371 7.307
1.400 1.330 11.434 11.577 0.0650 0.0706 1.269 1.467 7.309
1.440 1.294 11.345 11.646 0.0617 0.0734 1.159 1.571 7.318
1.500 1.243 11.192 11.734 0.0565 0.0773 0.991 1.718 7.338
1.600 1.170 10.880 11.853 0.0474 0.0824 0.722 1.926 7.392
SQMC650 1.365 1.364 10.270 10.271 0.0557 0.0558 0.636 0.637 6.269
1.400 1.330 10.117 10.390 0.0515 0.0596 0.545 0.721 6.270
1.440 1.294 9.896 10.508 0.0465 0.0633 0.441 0.810 6.279
SQMC700 1.365 1.364 11.202 11.202 0.0681 0.0681 1.200 1.200 7.116
1.400 1.330 11.142 11.256 0.0651 0.0709 1.117 1.280 7.118
1.440 1.294 11.068 11.314 0.0617 0.0737 1.024 1.365 7.125
1.500 1.243 10.942 11.382 0.0564 0.0778 0.884 1.485 7.141
1.600 1.170 10.679 11.472 0.0473 0.0832 0.656 1.652 7.183
SV-sym32 1.365 1.364 11.523 11.525 0.0712 0.0712 1.445 1.446 7.387
1.400 1.330 11.384 11.577 0.0647 0.0742 1.236 1.542 7.387
1.440 1.294 11.384 11.628 0.0647 0.0772 1.236 1.640 7.393
1.500 1.243 11.241 11.705 0.0592 0.0810 1.062 1.778 7.404
1.600 1.170 10.935 11.786 0.0493 0.0866 0.770 1.968 7.435
For each CSkP, we give five combinations for the binary
stars masses in order to calculate the tidal Love num-
bers and tidal deformabilities. If we restrict our analysis
to those CSkP predicting neutron stars masses around
2M⊙, in agreement with observational data of Refs.[48]
and [49], namely, GSkI, Ska35s20, MSL0, NRAPR, and
KDE0v1, one can verify that the calculated radii R1 and
R2 lie inside the recent predictions from LIGO and Virgo
Collaboration [12], that found R1 = R2 = 11.9
+1.4
−1.4 km
for the heavier and lighter star at the 90% credible
level. From the table, one can also notice in particu-
lar that λ1 (λ2) take a range of values of (0.44− 2.63)×
71036 g.cm2.s2. It is also worth noting that the values
of k2,1 (k2,2), and λ1 (λ2) are strongly correlated with
R1 (R2). It is verified for all CSkP that Love num-
bers and tidal deformabilities increase as the respective
radii increase, i. e., k2,1 = k2,1(R1), k2,2 = k2,2(R2),
λ1 = λ1(R1), and λ2 = λ2(R2), where k2,i and λi are
increasing functions of Ri.
In searching for other possible correlations in the con-
text of the neutron star binary system, one can notice
from Eq. (15) that Λ ∝ R5 is not a good assump-
tion, since the tidal Love number k2 depends on the neu-
tron star radius in a nontrivial way, as seen in Eq. (16).
In this context, we try to find a correlation between
the radius and tidal deformability for the CSkP for the
canonical star, in which M = 1.4M⊙. The obtained re-
sults for Λ1.4 as a function of R1.4 are shown in Fig. 3,
with a similar qualitative behavior in comparison with
the study performed in Ref. [58], for instance. From
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FIG. 3. Canonical neutron star tidal deformability as a func-
tion of its radius for the CSkP. Solid line: fitting curve.
the points shown in the figure, we could establish a fit-
ting curve correlating Λ1.4 as a function of R1.4, namely,
Λ1.4 ≈ 5.87 × 10−6R7.191.4 . This correlation presents dif-
ferent numbers in comparison with those found from
predictions of EOS constructed by chiral effective field
theory at low densities and the perturbative QCD at
very high baryon densities using polytropes [59], sev-
eral energy density functional within RMF models [45],
and both RMF and Skyrme Hartree-Fock energy density
functionals [44]. In these cited works, the authors found
Λ1.4 ≈ 2.88×10−6R7.51.4 [59], Λ1.4 ≈ 7.76×10−4R5.281.4 [45],
and Λ1.4 ≈ 9.11 × 10−5R6.131.4 [44]. However, the values
predicted by the CSkP are in full agreement with the
very recent data obtained by LIGO and Virgo Collabo-
ration [12] regarding the tidal deformability of the canon-
ical star, given by Λ1.4 = 190
+390
−120.
For the sake of completeness, in Fig. 4 we plot the di-
mensionless tidal deformability Λ of a static neutron star
as a function of its mass for the CSkP. The tidal deforma-
bility decreases nonlinearly with the neutron star mass
for all parametrizations. At M = 1.4M⊙, the resulting
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FIG. 4. Λ as a function of M for the CSkP. Full circle: re-
cent result of Λ1.4 = 190
+390
−120 obtained by LIGO an Virgo
Collaboration [12] related to the canonical star.
values of Λ stand within a range of around 100− 350 for
the CSkP, which are within the upper limit of Λ1.4 6 800
of LIGO + Virgo gravitational detection [11], and also
the recent updated range of Λ1.4 = 190
+390
−120 [12], as men-
tioned before.
In Fig. 5 we plot the tidal deformabilities Λ1 and Λ2 of
the binary neutron stars system with component masses
of m1 and m2 (m1 > m2). The diagonal dotted line cor-
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FIG. 5. Tidal deformability parameters predicted by the
CSkP for the case of high-mass (Λ1) and low-mass (Λ2) com-
ponents of the observed GW170817 event. The 90% and 50%
confidence lines were taken from recent findings of Ref.[12].
responds to the Λ1 = Λ2 case in whichm1 = m2. The up-
per and lower dash lines correspond to the 90% and 50%
confidence limits respectively, which are obtained from
the recent analysis of the GW170817 event [12]. This
figure shows that out of 16 CSkP, 4 of them are com-
pletely inside the region defined by the upper and lower
bounds predicted by the GW170817 data [12]. They
are Ska35s20, GSkI, MSL0, and NRAPR. If we look at
8the various neutron star properties predicted by these
parametrizations, we can notice two interesting facts:
• All of them produce neutron stars with maximum
mass around 2M⊙. This implies the tidal deforma-
bility data of the GW170817 strongly support the
maximum mass of the neutron stars close to the ob-
servational data of the pulsars PSR J1614-2230 [48]
and PSR J038+0432 [49].
• The radius of the canonical star obtained from
these parametrizations follows a trend. Out of
them, the minimum value of this quantity is
given by the NRAPR parametrization: R1.4 =
11.828 km, while the maximum R1.4 value is found
by the Ska35s20 model: R1.4 = 12.114 km. All
other parametrizations present values in between.
In other words, the CSkP which have capacity to
reproduce the recent values for the tidal deforma-
bility related to the GW170817 event give R1.4
in the range of 11.83 km 6 R1.4 6 12.11 km.
The maximum value of this range is close to the
most likely value of R1.4 given in Ref. [53], namely,
R1.4 = 12.39 km.
IV. SUMMARY AND CONCLUSIONS
In the present paper we have revisited the Skyrme
parametrizations that were shown to satisfy several nu-
clear matter constraints in Ref. [31], named as the con-
sistent Skyrme parametrizations (CSkP), and confronted
them with astrophysical constraints and predictions on
the GW170817 event studied by LIGO and Virgo Collab-
oration in recent papers [11, 12]. Concerning the applica-
bility of these nonrelativistic models at the high density
regime of the stellar matter, we have shown that causal-
ity is not broken at the energy density range of interest,
as one can see from Fig. 1, and from the comparison with
the central energy density obtained from the CSkP and
presented in Table I. Our calculations also pointed out
to a range of 10.12 km 6 R1.4 6 12.11 km according
to the predictions of the CSkP. It was also shown that
only the GSkI, Ska35s20, MSL0, NRAPR, and KDE0v1
parametrizations are able to produce neutron stars with
mass around 2M⊙, value established form observational
analysis of PSR J1614-2230 [48] and PSR J038+0432 [49]
pulsars.
Concerning the predictions of the CSkP on the
GW170817 event, it was shown that the five aforemen-
tioned CSkP present radii R1 and R2, related to the neu-
tron stars components of the binary system, in full agree-
ment with those obtained by LIGO and Virgo Collabora-
tion for the heavier and lighter star at the 90% credible
level, namely, R1 = R2 = 11.9
+1.4
−1.4 km. The values of R1
and R2 calculated from the CSkP can be seen in Table II.
Also from this table, we could verify that Love numbers
and tidal deformabilities are increasing functions of the
respective radii, i. e., k2,i and λi are increasing functions
of Ri (i = 1, 2).
By investigating the results regarding the canonical
stars (M = 1.4M⊙), our results pointed out to a cor-
relation given by Λ1.4 ≈ 5.87 × 10−6R7.191.4 between the
dimensionless tidal deformability and the radius. From
this correlations, we found that the CSkP present values
of Λ1.4 completely inside the ranges of Λ1.4 6 800 [11],
or even the recent one given by Λ1.4 = 190
+390
−120 [12], as
one can see in Figs. 3 and 4.
Finally, we also have calculated the dimensionless tidal
deformabilities of the binary neutron stars system, Λ1
and Λ2 (see Fig. 5), and found that GSkI, Ska35s20,
MSL0, and NRAPR parametrizations are completely in-
side the region defined by the upper and lower bounds,
on the Λ1×Λ2 graph, predicted by the recent paper from
LIGO and Virgo Collaboration [12]. All of these specific
CSkP support massive neutron stars (M ∼ 2M⊙), and
also establish the range of 11.83 km 6 R1.4 6 12.11 km
for the canonical star radius.
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